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MOTION OF A D R O P  OF ALKALI METAL I N  A CURRENT 
OF V A P O R  WITH CONDENSATION 

G . B .  Rybchinskaya '  and S . A .  Kova lev '  

ABSTRACT: T h e  t ime-dependence of t h e  V e Z o c i t y  
of a drop  of: aZkaZi m e t a t ,  i n j e c t e d  i n t o  a 
8af;uratsrd moving vapor, $6 o o n s i d e r e d ,  A d i f -  
f e r e n c e  of 0 . S X  between drop  V e Z o c i t y  w i * h  and 
w i t h o u t  consCdera t ion  of condensa t ion  effeots 
is found. 

A theoretical study of the growth of a single drop of alkali /801 - 
metal with condensation upon it of a saturated vapor, in the ab- 
sence of relative motion of the phases, was described in ello The 
results of the latter paper are used in the present article for 
consideration of the same drop relative to the vapor, with an ex- 
planation of the role of the dynamic effect of the condensation 
process. 

S t a t e m e n t  o f  t h e  Prob lem and , 
t h e  B a s i c  E q u a t l o n  

A spherical drop with radius r o  and temperature T o  is injected 

Vo. The vapor is pure 'and saturated, with a temperature in excess 
of the initial temperature of the drop, so that Condensation takes 
place. The problem consists in determining the dependence of the 
velocity of the drop (vdrop 1 on time ( T I .  

According to [ a ] ,  deformation of the drop may be disregarded. 
In the range of,Reynolds,numbers in question, we can use the coef- 
ficient of aerodynamic resistance of a solid sphere in the form 
12.5 Re'Oe5. 
boundary layer, uniformly over the entire surface of the.sphere. 
Outside this layers the leading Remisphere fs potentially stream- 
lined with a known distribution of velocities E 3 3 ,  w h i l e  on the 
trailing hemisphere (due .to the s t r i p p i n g  away of the vortices) the 
velocity of the vapor relative to the drop fs equal to zero. 

The movement of the drop (with a simultaneous increase in its 
mass) is described by the Meshcherskiy equation [ l e ] ,  which has the 
following form in dimensionless variables: 

at a velocity v o  into a vapor moving at a constant velocity v > 
VaP 

P 

It is assumed that condensation takes glace in a thin 
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where 

The law of the change in drop radius is determined by the in- 
tensity of the condensation of vapor on its surface and# according 
to c11, is expressed by the-following relationships: 

in segment 0 

and in segment t R  

x = 1 + et, 
t; '.c f t l o  : 

, where 

Substituting 

in segment 0 
follows : 

I 

and in segment t* 

, 

( 2 )  1 ' 

( 3 )  

(2) ani (3) into (91, the SatteP is written iQs 

< t 4 t h :  
P - - 

e .c 9ds: 

where 

. *  
lThe value of W with.an acouracy up to factor B is equal to e* in 
[SI. 
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t4-i-r I 

where u 0  = 0''vap 
. 

N o n l i n e a r  e q u a t i o n  ( 5 )  i s  n o t  i n t e g r a t e d  d i r e c t l y ,  A n  estimate 
o f  t h e  b e h a v i o r  o f  t h e  f i rs t  a n d  s e c o n d  terms on t h e  r i g h t - h a n d  s i d e  
shows t h a t  ( b e g i n n i n g  w i t h  a c e r t a i n  t = e**) t h e  v a l u e  of t h e  s e c -  
ond term c a n  be  d i s r e g a r d e d  i n  compar i son  w i t h  t h e  first ' ,  and  ( 5 )  
can  be  r e p l a c e d  by a n  e q u a t i o n  o f  t h e  form 

. A s  a result o f  i n t e g r a t i o n  o f  t h e  l a t t e r  i n  t h e  i n t e r v a l  t** < 
e ,  we h a v e :  __ -.-._ . -. . . . .  - .......... .- 

I n  c a r r y i n g  o u t  the p r a c t i c a l  c a l c u l a t i o n s ,  i n t e g r a t i o n  of  ( 5 )  
f o r  t h e  segment  < t (<  t a t *  is a c c o m p l i s h e d  n u m e r i c a l l y  ( f o r  exam- 
p l e ,  by t h e  E u l e r i a n  me tbod) .  The c a l c u l a t e d  f o r m u l a  i n  this aims@ 
h a s  t h e  form 

4 ,  ___ I--I_- ----_^- --- 
! 

( 9 )  
~ Ib(4 - u,,J)% + ' & v D d m @  1 - i f 4 - h )  I"' ( :' . .  I 

'. ' t(h8 -l*-(IBs 1 
'I 

1 un=uc(-P+' 
Dn - & @ ' 0 8 0 ~ ~ 4  . 

- _ -  - _  - - - L -_ 
J 

w h e r e  t h e  s u b s c r i p t  n c o r r e s p o n d s  t o  t h e  number o f  t h e  i n t e g r a t i o n  
s t e p  b 

Evaluation o f  t h e  Results 

The f i g u r e  shows t h e  r e l a t i o n s h i p  ~ ( $ 1  for t h e  c a s e  of t h e  move- 

=.IO0 rii/sec and  U p 0  = 2 5 ,  5 0 ,  7 5 ,  90 m/sec, o b t a i n e d  in a c c o r d -  
ment of a d r d p  w i t h  r o  = 
2, 

ance  w i t h  ( 6 ) ; ( 8 )  and  ( 9 ) .  

f o r c e  o f  t h e  ae rodynamic  ' e f f e c t  o f  t h e  v a p o r  on t h e  d r o p ,  w h i l e  t h e  
second  term r e p r e s e n t s  the r e a a t f v e  f o r c e  p roduced  by t h e  j o i n i n g  

m a n d  T o  = 4 O O O K  w i $ R  [P = 80O0K, 
vaP 

v=P 

The f i r . k t  term on t h e  r i g h t - h a n d  s i d e  o f  (1) r e p r e s e n t s  t h e  

of t h e  p a r t i c l e s ,  To esti.mate , f h e  c o n t r i b u t i o n  o f  b o t h  f o r c e s  t o  
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. ,  

- the  a c c e l e r a t i o n  o f  t h e  d r o p ,  it i s  n e c e s s a r y  t o  o b t a i n  a n  e x p r e s -  
s i o n  f o r  t h e  v e l o c i t y  o f  t h e  d r o p  w i t h o u t  c o n d e n s a t i o n .  I n t e g r a t i o n  
o f  t h e  e q u a t i o n  o f  mot ion  f o r  a d r o p  o f  c o n s t a n t  mass g i v e s  

R e l a t i o n s h i p  (10) is r e p r e s e n t e d  i n  t h e  f i g u r e  by a d a s h e d  
l i n e .  As, i s  e v i d e n t ,  t h e  d i f f e r e n c e  be tween  t h e  s o l i d  and d a s h e d  
c u r v e s  i n c r e a s e s  w i t h  t ime and  a t  u o  = 0 . 2 5 ,  f o r  example ,  r e a c h e s  
2 8 % .  I n  a d d i t i o n ,  t h e  d e g r e e  o f  d e v i a t i o n  i s  i n v e r s e l y  p r o g o r t i o n -  
a1  t o  t h e  i n i t i a l  v e l o c i t y  o f  t h e  d r o p .  Thus ,  c o n d e n s a t i o n  c o n s i -  , 
d e r a b l y  s p e e d s  up t h e  p r o c e s s  o f  a c c e l e r a t i o n  o f  t h e  drop. Moreover ,  
i n  t h e  segment  0 < t < $3 it p l a y s  a c r i t i c a l  r o l e  i n  a c c e l e r a t i o n .  
I n  f a c t ,  t h e  so luyion-of  (1) w i t h  t h e  ae rodynamic  t e r m p m i t t e d  h a s  
t h e  form 

- /803 

- - - , -  - - -  .- 

1 

The t a b l e  shows t h e  results o f  compar ing  t h e  v e l o c i t y  of the 
d r o p  u and i t s  v e l o c i t y  w i t h o u t  c o n s i d e r a t i o n  of t h e  dynamic  e f f e c t -  
of t h e  v a p o r  a i n  t h i s  segment .  The d i f f e r e n c e  d o e s  n o t  e x c e e d  
0 . 5 % ,  which i n d i c a t e s  t h 8  p r e v a i l i n g  e.ffec& o f  t h e  r e a c t i v e  f o r c e  
of condensation i n  t h e  segment  0 t 4 t h e  The e f f e o t  o f  t h i s  f o r c e  
weakens i n  t h e  c o u r s e  of t ime,  t e E d i n i  toward z e r o  a t  t h e  l i m i t .  

4 



'I. 

1. 

2 .  

3 .  

4. 

U 

0.2527 
0.2555 
0,2582 
0.2609 . 0.2636 
0.2662 
0,2827 

. 0,5018 
0,5036 
.0,5054 
0,5072 

0,5108 , 0,5220 , 

I 

6,5090, 

I 

0,7509 
0,7518 0 

0.7527'; 
0,7536 
0.7549 
0, 7554 
0, 7608 

0,9004 
0,9007 
0,9011 
0,9014 
0.9018 , 
0.9021 
0,9043 I 

- 
' U  

1 

0,2527 
0.2554 
0.2580 

I 0,2607 
0.2633 
0,2659 
0.2814 

0,5018 
0,5Od6 
0,5053 
0,507 I 
0.5089 
0,5106 
0,5209 

Q17509 
0,7518 
0,7527. 

'0,7536 
0,7544 
0,17553 
Os 7605 

0,9004 
0.9007 

.0,901 P 
0,9014 t 

U,9018 ' 

, 

References 

Rybchinskaya, G.B, and S.A, Kovalev: Teplofizika Vysokfkh Tem- 
peratur, Vol .  7, No. 3, 1969. 

Johnson, A.I. and L. Braida: Canad. J. @hem. Eng., VsP. 35, No.' 
4, 1957. 

Kochin, N.E., I. A'.,Kibelg and N.Ve Roze: Teoretfcheskaya Giro-  
dinamika (Theoretical Hydrodynamics), Part 1. Gostekhizdat, 
1948 e 

Kargodin, V.W.: Teoreticheskfye Osnovy Mekhanikf Tela Peremen- 
nogo Sostava (Theoretical Principles'of Mechanics Of B o d i e s  

1 

of Variable Composition) Oborongiz , 1963. 

T r a n s l a t e d  for  t h e  N a t i o n a l  A e r o n a u t i c s  and Space AdminOstratOon by: 
Aztec  School  o f  Languages, h c . ,  
Research T r a n s l a t i o n  O i v l s i o n  (99  
Maynard,  M a s s a c h u s e t t s  and McLean, V f r g l n f a  
NASW-1692 

5 


